Asymmetry of spatial attention has long been described in both disease (hemispatial neglect) and healthy (pseudoneglect) states. Although right-hemisphere specialization for spatial attention has been suggested, the exact neural mechanisms of asymmetry have not been deciphered yet. A recent functional magnetic resonance imaging study from our laboratory serendipitously revealed bihemispheric left-hemifield superiority in activation of a visuospatial attention-related network. Nineteen right-handed healthy adult females participated in two experiments of visual half-field presentation. Either facial expressions (experiment 1) or house images (experiment 2) were presented unilaterally and parafoveally for 150 ms while subjects were engaging a central fixation task. Brain regions previously associated with a visuospatial attention network, in both hemispheres, were found to be more robustly activated by left visual field stimuli. The consistency of this finding with manifestations of attention lateralization is discussed, and a revised model based on neural connectivity asymmetry is proposed. Support for the revised model is given by a dynamic causal modeling analysis. Unraveling the basis for attention asymmetry may lead to better understanding of the pathogenesis of attention disorders, followed by improved diagnosis and treatment. Additionally, the proposed model for asymmetry of visuospatial attention might provide important insights into the mechanisms underlying functional brain lateralization in general.
Introduction
The asymmetry of human spatial attention is well documented in both disease and healthy states: right-hemisphere (RH) lesions are more frequently associated with hemispatial neglect compared with left-hemisphere (LH) lesions and usually cause more severe and persistent deficits (Mesulam, 1999) ; moreover, a leftward bias in the perception of length, size, brightness, and numerosity, termed right "pseudoneglect," is frequently reported in healthy subjects (Orr and Nicholls, 2005) ; and finally, left-rather than right-sided inattention has been reported in patients with attention deficit disorder (ADD) (Voeller and Heilman, 1988) and developmental dyslexia (Hari et al., 2001; Sireteanu et al., 2005) . A recent report of a leftward attention bias in birds (Diekamp et al., 2005) suggests a fundamental evolutionary role for this bias.
The observed asymmetry in visuospatial attention has long been related to RH specialization in the mediation of spatial attention; however, the underlying mechanisms of asymmetry have not been elucidated yet (Mesulam, 1999; Gitelman et al., 1999) . One leading model proposes that the RH modulates attention within both left and right hemifields, whereas the LH would be directed solely toward the right hemifield (Corbetta et al., 1993; Gitelman et al., 1999; Kim et al., 1999; Mesulam, 1999) . This model relies on (1) reports of mild ipsilesional right inattention in cases of left hemispatial neglect (Mesulam, 1999) , (2) electroencephalographic studies showing LH event-related potentials and electroencephalogram desynchronization only after rightsided sensory stimulation but RH changes after stimulation from either side (Heilman and Van Den Abell, 1980; Mesulam, 1999) , and (3) functional imaging studies demonstrating LH selectivity for attention shifts toward the right contralateral hemifield, in contrast to RH activation after attention shifts toward each visual field (Corbetta et al., 1993; Nobre et al., 1997) . Although this model may account for the asymmetry of neglect, it does not seem to address the mechanism underlying pseudoneglect. Because the right hemifield is assumed to be represented in both hemispheres, this model inherently implies right but not left hemifield advantage (see Fig. 1a1 ).
A recent functional magnetic resonance imaging (fMRI) study from our laboratory, originally aimed at investigating lateralization of facial expression processing in right-handed healthy females, revealed a space-dependent differential activation of a brain network that has consistently been associated with visuospatial attention Lawrence et al., 2003) . This bilateral network showed enhanced activation for stimuli presented in the left visual field (LVF) relative to stimuli presented in the right visual field (RVF) (experiment 1). A control study with house images instead of facial expressions (experiment 2) ruled out possible confounds stemming from an RH bias for face processing (Yovel et al., 2003) . Results relating to emotional lateralization will be discussed in detail elsewhere (T. Siman-Tov, D. Papo, N. Gadoth, T. Schonberg, A. Mendelsohn, D. Perry, L. G. Ungerleider, and T. Hendler, unpublished results). Here we present the unanticipated finding regarding attention lateralization and suggest a new model for its underlying mechanism based on asymmetric interhemispheric connections. The suggested model is supported by a dynamic causal modeling (DCM) analysis (Friston et al., 2003) . The current finding offers a unified framework for understanding spatial attention asymmetry in both normal (pseudoneglect) and pathological (e.g., hemispatial neglect, ADD, developmental dyslexia) states. Moreover, it proposes a novel approach for understanding the neural architecture of brain lateralization.
Materials and Methods

Subjects
Ten right-handed healthy adult females [mean age, 28.1 years (range, 24 -35) ; mean education, 17 years (range, 13-20)] participated in the original fMRI study (with face stimuli; experiment 1). All had normal or corrected vision, no past neurological or psychiatric history, no structural brain abnormality, and used no medication. Nine additional female volunteers [mean age, 25.3 years (range, 19 -35) ; same background as described for the previous group] participated in a control study (with house stimuli; experiment 2). Eye-position monitoring was added to the study of three participants of this group. In addition, eye monitoring was applied during the study of eight female volunteers [mean age, 27.5 years (range, 23-36) ] performing the same experiment (with face stimuli) outside the magnet. This study was approved by the Ethical Committee of the Tel Aviv Sourasky Medical Center, and all subjects signed an informed consent form.
Stimuli and experimental paradigm
Experiment 1. Black-and-white pictures of facial expressions (fearful/ happy/neutral) were taken from the following databases: The Averaged Karolinska Directed Emotional Faces database (D. Lundqvist, A. Flykt, and A. Ö hman, 1998) and the Pictures of Facial Affect (P. Ekman and W. V. Friesen, 1976) . Stimuli size was 3.7°(width) ϫ 4.7°(height). Using Presentation 0.80 software (Neurobehavioral Systems, Albany, CA), a mixed-design paradigm was prepared, comprising epochs for visual field (LVF/RVF) and events of facial expressions (fearful/happy/neutral). Each study included four separate sessions, each of 116 repetitions (5.8 min). One single session was composed of eight blocks (four LVF and four RVF). Each block included 11 events (three fearful, three happy, three neutral, and two blank). Blocks and events were presented in a pseudorandom manner. The overall event duration was 3 s, and it included presentation of a central fixation dot in red or green for 500 ms, immediately followed by parafoveal presentation (5°angle) of a facial expression to the right or left of the fixation for 150 ms and then fixation dot presentation in white for the remaining time of the event (Fig. 1b) .
To achieve visual field segregation, as well as implicit emotional processing, participants were explicitly instructed to carefully maintain fixation throughout the experiment. Furthermore, they were asked to report on color change of the fixation dot, by a response box, using the right thumb for the red dot and the left thumb for the green dot, thereby excluding a potential bias in motor-related activations. The color of the fixation dot (red/green) was randomly selected every 3 s.
Experiment 2. House pictures were collected from different internet sites and designed by Adobe Photoshop 6.0 software (size, 3.7 ϫ 4.7°). Black-and-white pictures of public buildings (nonfamous), apartment buildings, and private houses replaced pictures of facial expressions in exactly the same paradigm (see experiment 1).
MRI scanning
Imaging was performed on a 1.5T GE Signa horizon echo speed LX MRI scanner (General Electric, Milwaukee, WI). All images were acquired Figure 1 . Schematic models for attention asymmetry. a1, A well accepted model for neglect asymmetry, claiming bilateral hemifield representation in the RH. a2, A revised model for visuospatial attention asymmetry based on current results. LVF advantage is evident in both hemispheres and confirms RH dominance for attention. A bilateral hemifield representation characterizes both hemispheres; interhemispheric transfer is suggested to underlie it. Advantageous transfer from the right dominant hemisphere to the LH is additionally proposed. b, Experimental paradigm. Each study included four separate sessions, each of 116 repetitions (5.8 min). One single session was composed of eight blocks (4 LVF and 4 RVF). In each block, 11 events (3 fearful, 3 happy, 3 neutral, and 2 blank) were presented in a pseudorandom manner. The event duration was 3 s, and it included presentation of the central fixation dot in red or green for 500 ms, presentation of the fixation dot along with the facial expression to the right or left of the fixation (5°angle) for 150 ms, and the fixation dot in white for the remaining time of the event. A 3T G3 General Electric scanner was used for the scanning of three subjects in experiment 2 to allow for eye-movement monitoring during scanning. Same parameters as described for the 1.5T experiment were used, except for an echo time of 35 ms in T2*-weighted images.
Conventional fMRI data analysis
fMRI data were processed using the Brain Voyager 4.9 software package (Brain Innovation, Maastricht, The Netherlands). Functional images were superimposed and incorporated into 3D-SPGR data sets through trilinear interpolation. The complete data set was transformed into Talairach space (Talairach and Tournoux, 1988) . Preprocessing of functional scans included motion correction, sinc interpolation, and temporal smoothing (high-pass filtering, 3 Hz). Statistical maps were prepared for each subject using a general linear model with six conditions (experiment 1, LVF/RVF ϫ fearful/happy/neutral; experiment 2, LVF/RVF ϫ public/private/apartment buildings), followed by a multisubject analysis computed with random effects.
Region-of-interest (ROI) analysis was conducted on the right and the left intraparietal sulcus (IPS) (experiment 1). Activations of all conditions within a 6-mm-diameter volume around the peak activation of each IPS (343 voxels) were considered for deconvolution analysis (for Talairach coordinates, see Table 1 ). Beta values were extracted for all conditions of each subject and served for a three-way repeated-measures ANOVA (factors: hemisphere, visual field, stimulus valence), performed by STATISTICA 6.0 software (Statsoft, Tulsa, OK).
DCM
For the purpose of DCM, fMRI data of experiment 1 were reanalyzed using the Statistical Parametric Mapping software package, SPM2 (Wellcome Department of Imaging Neuroscience, London, UK) with Matlab 7.0.4 (MathWork, Natick, MA). Five of 40 echo planar imaging (EPI) series were not available for reanalysis (four sessions of one subject and an additional one session of a second subject); thus, DCM analysis was performed on nine subjects. Preprocessing of functional images included motion correction (realignment to the first volume), slice time correction (to the middle slice), and normalization to the standard EPI template of the Montreal Neurological Institute.
Statistical analysis relied on a general linear model. Events were timelocked to the onset of stimulus presentation, and regressors modeling stimulus events were convolved with a canonical hemodynamic response function. T statistical maps were obtained by contrasting hemodynamic responses during epochs of LVF and RVF stimuli presentation. The analysis of individual subjects was performed at a significance threshold of p Ͻ 0.05 (uncorrected). These statistical maps (LVF vs RVF contrast with the mentioned threshold) were used to define ROIs in bilateral IPS for each subject. The voxel of maximal activation within each IPS served as the center of a 6 mm spherical volume defined by the volume of interest tool integrated in SPM2 (for details on ROIs, see supplemental Table 1 , available at www.jneurosci.org as supplemental material).
DCM is a nonlinear systems identification procedure that uses Bayesian framework to estimate the coupling among brain areas and how that coupling is influenced by changes in experimental context. This analysis estimates the posterior density of the coupling parameters for each defined model based on the experimental data set (Friston et al., 2003; Penny et al., 2004a) . The DCM tool implemented in SPM5 was applied to evaluate two fundamental issues evoked by this study: (1) Does the strength of connection between the right and the left IPS depend on its direction? and (2) Is there evidence for bilateral input to the right IPS, as suggested by the conventional model for neglect asymmetry? Functional time series extracted for the right and the left IPS of each session and each subject served for the analysis. For each session, two possible models, based on external input specifications, were defined: (1) selective contralateral input (i.e., RVF input to the left IPS and LVF input to the right IPS) (Fig. 2a) ; (2) bihemifield representation in the right IPS (i.e., RVF Because of the small sample and reduced statistical power of this experiment, only the most significant regions are presented.
input to both the left and right IPS and LVF input to the right IPS (Fig.  2b) . Thus, direct input connections were differentially defined for each model, and both models assumed bidirectional intrinsic connections between the right and the left IPS (Fig. 2) . Modulatory connections were not modeled, because they were irrelevant to the two basic issues to be explored by this analysis (see above). Inputs were only regarded for their visuospatial attention effect regardless of their emotional valence.
Values of intrinsic connectivity in each direction (right-to-left and left-to-right) were extracted for each session of each subject and served for a two-way repeated-measures ANOVA (factors: direction of connection, session number). Because the first session of one of the nine subjects was not available for this analysis, ANOVA was performed on the values of intrinsic connectivity in the last three sessions of each subject. Note that values of intrinsic connectivity correspond to the rate constant of the modeled connection (hertz units) presented with its associated posterior probability and represent coupling strength between regions. In addition, for demonstration purposes, the average function implemented in the DCM tool was used to average values of intrinsic connectivity within each session across subjects. It should be mentioned that this average function relies on Bayesian fixed-effect analysis.
Model comparison was performed for each session separately by a Bayesian model selection procedure as described by Penny et al. (2004b) . Model preference was computed based on Bayesian and Akaike's information criteria, using the ratio between probabilities of the measured data given each model. Bayes factor (BF) was defined as the minimum of these two criteria. When BFs were Ͼ1, the data favored model 1 (selective contralateral input) over model 2 (bihemifield representation in the right IPS); when BFs were Ͻ1, the data favored model 2. A BF of at least e (2.7183) was regarded as consistent evidence in favor of model 1.
Eye-movement data acquisition and analysis
Right-eye position was monitored in three subjects during scanning using an MR-compatible eye-tracking system, ASL (Bedford, MA) Model R-LRO6. The same procedure was applied on eight additional subjects without scanning. The acquisition rate was 60 Hz. Eye data were analyzed using Microsoft (Redmond, WA) Excel and Matlab 6.0 (MathWorks) softwares. Eye data artifacts related to blinking were removed. Distribution of eye displacement along the horizontal axis was shown for LVF epochs compared with RVF epochs for each study. The ratio between SDs of displacement during LVF and RVF epochs ( LVF / RVF ) was indicated for each subject.
Results
Behavioral data
Averaged reaction times to fixation dot color change showed no significant difference between epochs of LVF and RVF presentation (514 and 521 ms, respectively). Similarly, no significant difference was found between face (512 ms) and house (522 ms) paradigms. Because of the simplicity of the task, reaction times were relatively short and very close to the onset of the unilateral parafoveal stimuli (500 ms) (Fig. 1b) , thus no significant effect should be expected.
Conventional fMRI analysis Experiment 1
Multisubject statistical brain maps of the LVF versus RVF contrast revealed that LVF epochs differentially activated cortical and subcortical regions, which have previously been related to covert visuospatial attention (Fig. 3a) (Nobre et al., 1997; Kim et al., 1999; Kastner and Ungerleider, 2000; Lawrence et al., 2003) . Interestingly, this LVF-enhanced activation was evident bilaterally, most clearly in the following regions: IPS, putative human frontal eye field (FEF), at the intersection of the precentral and superior frontal sulci, supplementary eye field (SEF), at dorsal medial frontal cortex, pre-SEF, dorsolateral prefrontal cortex (DLPFC), supramarginal gyrus (SMG), anterior insula, thalamus, basal ganglia, cerebellum, and brainstem (Table 1) . The reverse contrast (RVF vs LVF) showed significant activations mainly within LH visual areas [Brodmann's area (BA) 17-19, 37]. Minor activations were also observed in the medial frontal cortex (BA 10) and posterior cingulate gyrus (BA 23) bilaterally (Fig. 3a) .
The magnitude of the LVF superiority effect was estimated by an ROI analysis on the right and left IPS, a region previously considered the parietal epicenter of the attention network (Mesulam, 1999; Gitelman et al., 1999) , and one that showed robust bilateral activations in our whole-brain analysis (Table 1) . It should be mentioned that activation maxima within the IPS were observed in its medial posterior bank, a region previously associated with covert orienting of visuospatial attention Rushworth et al., 2006) . Three-way repeated-measures ANOVA (factors: hemisphere, visual field, stimulus valence) disclosed a visual field main effect (LVF dominance; F (1,9) ϭ 74.59; p Ͻ 0.00001) and an interaction between visual field and hemisphere (F (1,9) ϭ 7.13; p Ͻ 0.026). LVF advantage was noted in both right and left IPS ( post hoc analysis, p Ͻ 1.1 ϫ 10 Ϫ7 and p Ͻ 1.4 ϫ 10 Ϫ6 , respectively), although more prominently in the RH ( post hoc analysis, p Ͻ 0.003) (Fig. 3b) .
Experiment 2
The control study, which used house images instead of facial expressions in exactly the same paradigm, replicated the pattern of LVF superiority in the above-mentioned visuospatial attention-related network (Table 1) .
Single-and multi-subject statistical parametric maps of the LVF vs RVF contrast (both experiments) clearly demonstrated hemispheric segregation of visual inputs in low-level visual areas, indicating maintenance of fixation by subjects during studies (Figs. 3a, bottom row, 4, right panel) . To further exclude the possibility that the LVF advantage in visuospatial attention network was affected by a leftward gaze bias, eye-position monitoring was added to the scanning of three female volunteers (house paradigm), the same pattern of LVF superiority emerged (Table  1) , and there was no significant difference in horizontal eye displacement between epochs of LVF and RVF presentation (Fig. 4,  left panel) . Further study of eye movements conducted on eight additional volunteers outside the magnet (face paradigm) resulted in similar results (supplemental Fig. 1 , available at www. jneurosci.org as supplemental material). DCM Two-way repeated-measures ANOVA of values of intrinsic connections between the right and the left IPS (factors: direction of connection, session number) revealed that the strength of the right-to-left connection was significantly greater than its reverse counterpart (F (1, 8) ϭ 12.02; p Ͻ 0.0085). The average strength of connections across subjects, calculated for each session, similarly showed preference for the right-to-left over the left-to-right connection (session 1, 0.77 vs 0.42; session 2, 1.03 vs 0.67; session 3, 0.76 vs 0.62; session 4, 0.83 vs 0.61; all with a posterior probability of 1.0) (Fig. 5) .
Model comparison for each session showed preference for the first (selective contralateral input) (Fig. 2a) over the second (bihemifield representation in the right IPS) (Fig. 2b ) model in 24 of 35 sessions (BF range, ). The remaining 11 sessions showed no consistent evidence for either the first or the second model.
Discussion
Our study disclosed bihemispheric LVF superiority in a network that has previously been associated with covert visuospatial attention (Nobre et al., 1997; Kim et al., 1999; Kastner and Ungerleider, 2000; Lawrence et al., 2003) . This network included components of both dorsal (e.g., IPS and FEF) and ventral (e.g., SMG and anterior insula) frontoparietal attention-related systems, as well as subcortical structures such as thalamus, basal ganglia, and brainstem. It should be emphasized that although a leftward bias was noted in bilateral components of the attention-related sys- tem, a clear pattern of contralateral activation was observed in low-level visual areas, as expected (Figs. 3a, bottom row, 4, right panel). LVF superiority was similarly exhibited in both experiments, with either facial expressions or house images as stimuli, thus excluding potential confounding effects of an RH bias for face processing. The overall LVF superiority found in the whole-brain analysis was also supported by an ROI analysis, demonstrating an LVF main effect in the IPS: not only the right but also the left IPS was more robustly activated by stimuli presented to the LVF than by stimuli presented to the RVF (Fig. 3b) . The observed left hemifield superiority in the ipsilateral hemisphere provided compelling evidence for an LVF advantage. Considering the general principle of contralaterality in brain activity, here confirmed in low-level visual areas, we assumed that the LVF advantage actually reflected an RH advantage. The hemisphere ϫ visual field interaction, established by the ROI analysis, additionally supported this RH advantage. Thus, our results are in full agreement with the accepted hypothesis of RH specialization for attention (Mesulam, 1999; Gitelman et al., 1999) . Do they also contribute to our understanding of the underlying mechanisms of this lateralization?
The ROI analysis clearly demonstrated that the right IPS can be activated by both the left and the right hemifields. In fact, the magnitude of the activation induced by RVF stimuli in the right IPS was very similar to the activation elicited in the left IPS (Fig.  3b) . This finding is consistent with the leading model for RH dominance mentioned previously, claiming coexistent contralateral and ipsilateral activations of the RH (Fig. 1a1) (Corbetta et al., 1993; Gitelman et al., 1999; Kim et al., 1999; Mesulam, 1999) . However, inconsistent with this model, the current results showed that the LH was also activated by both hemifields, albeit with smaller magnitude (Fig. 3b) . Thus, according to our results, the possibility to attend both hemifields is not exclusive to the RH but characterizes both hemispheres, and the asymmetry of visuospatial attention seems to derive from a bilateral LVF advantage (Fig. 1a2) . Our finding accords with the asymmetry of neglect, because the LVF advantage most probably reflects an RH dominance for attention processing. In addition, it is in agreement with reports of pseudoneglect suggesting a psychophysical attentional bias toward the left hemifield in healthy individuals (Orr and Nicholls, 2005) .
We propose that the ipsilateral hemifield representation in the LH and the RH indicates interhemispheric transfer of information from the contralateral to the ipsilateral hemisphere (Fig.  1a2) . Accordingly, LVF superiority in the LH appears to be secondary to the RH advantage. The occurrence of left hemispatial neglect after RH lesions, despite LVF superiority in the LH, lends support to this hypothesis. Recent intraoperative and electrophysiological studies suggest that a neural connectivity advantage, within the RH or from the RH to the LH, may underlie the bihemispheric leftward bias. Intraoperative direct stimulation of the right superior occipitofrontal fasciculus reportedly caused maximal rightward deviation on a line bisection task (Thiebaut de Schotten et al., 2005) . This finding is consistent with disconnection theories of neglect (Mesulam, 1981) and highlights the role of white matter in the functioning of the attention system. Moreover, electrophysiological studies proposed that a relative abundance of fast-conducting myelinated axons in the RH results in both increased activation within the RH and faster signal transfer from the RH to the LH (Barnett and Corballis, 2005) . To examine the hypothesis of enhanced right-to-left attentionrelated information transfer, we applied a DCM analysis (Friston et al., 2003; Penny et al., 2004a) to our fMRI data (see Materials and Methods). The results confirmed asymmetry in the strength of connections between bilateral IPS with preference of the rightto-left connection. Moreover, the particular data set favored the model of selective contralateral input over the previously suggested bihemifield representation in the RH.
In view of all the above, (1) the LVF advantage observed in healthy individuals (pseudoneglect) may rely on advantageous connectivity within the RH and/or from the RH to the LH, resulting in enhanced recruitment of both hemispheres for LVF stimuli (Fig. 1a2) ; (2) the asymmetry of neglect may be related not only to an RH neuronal processing advantage but also to a connectivity advantage (within and/or from the RH); and (3) the left-sided inattention reported in ADD and developmental dyslexia may be related to white matter abnormalities, disturbed interhemispheric connectivity, or magnocellular system defects that have been previously described in these disorders (Hari et al., 2001; Castellanos et al., 2002; von Plessen K, 2002; Roessner et al., 2004; Vidyasagar, 2004; Ashtari et al., 2005) .
The anatomical level of information transfer from the RH to the LH cannot be inferred from the present study. The report of a leftward attention bias in birds raises the possibility that the transfer is mediated by subcortical structures, because birds lack a corpus callosum (Diekamp et al., 2005) . LVF superiority in subcortical regions in our study supports this hypothesis, yet multiple-level transfer cannot be ruled out. It should be noted that interhemispheric interactions have previously been implicated in attention asymmetry (Nowicka et al., 1996) . However, contrary to traditional theories claiming interhemispheric inhibition (Kinsbourne, 1970 (Kinsbourne, , 1977 , the present study proposes asymmetric interhemispheric facilitation. Yet, asymmetric interhemispheric inhibition of attention-related information cannot be ruled out; theoretically, it might be mediated by regions other than IPS or relate to a different attentional process than the one induced by the current paradigm (see below).
To our knowledge, LVF superiority in LH components of the visuospatial attention network has not been described yet. Moreover, contralateral hemifield representation was reported in the human parietal cortex in visuospatial attention studies (Sereno et al., 2001; Silver et al., 2005) . Major differences between studies in the kind of attention manipulation used and the exact aspect of attention represented might be responsible for the different findings. We assume that in our study the task-irrelevant, temporally jittered, parafoveal stimuli induced involuntary, "stimulusdriven" (i.e., exogenous) attention shifts. Being abrupt, unexpected, and of short duration, these stimuli resembled cue rather than target stimuli of classical attention paradigms Fan et al., 2002) . However, contrary to these paradigms, our parafoveal stimuli were not followed by target stimuli and were totally irrelevant to the subjects' task, hence lateral attention capture was purely automatic and unintentional.
One could claim that the absence of an attentional-related design precludes definition of the exact behavioral aspects of attention elicited by the paradigm. Apart from covert visuospatial orienting, our results could mirror other processes, such as disengagement of attention from central fixation by the parafoveal distracters, inhibition of the reflexive disengagement, preparatory activity for saccadic eye movements or its inhibition, changes in extrinsic or intrinsic alertness, or any combination of the above. However, functional neuroimaging studies have demonstrated so far a substantial overlap between neural correlates of the above aspects of visuospatial attention (Nobre et al., 1997; Kim et al., 1999; Petit et al., 1999; Corbetta and Shulman, 2002; Lawrence et al., 2003; Fan et al., 2005; Grosbras et al., 2005; Serences and Yantis, 2006; Sturm et al., 2006) . Our main finding might be relevant for each of these aspects.
Future research is needed to generalize our finding to other healthy subpopulations (males, children, left-handed) and to demonstrate its disruption in patients with attention disorders. Deciphering the mechanisms for attention lateralization may shed light on the pathogenesis of attention deficits in disorders as diverse as hemispatial neglect, ADD, and developmental dyslexia, leading to improved diagnosis and treatment. Moreover, the here suggested notion of a dominant hemisphere recruiting the nondominant hemisphere by means of asymmetric interhemispheric connections should be considered a general principle of brain lateralization and scrutinized for other high-cognitive functions.
